secondary analysis). A reference to the primary study is not given. The authors state that patients with hypertension were involved in all stages of the design, development and evaluation of the intervention, using interviews and focus group discussions and a process of iterative development. This commendable process was intended to ensure the acceptability and value of the intervention to its end users. Despite this involvement of patients in the intervention design, it is not clear that patients were involved in this paper, or if the research question was generated by professionals or patients. The question being addressed, about the relationships between selfreported blood pressure (BP) and self-reports of medication intake, wellbeing, stress and physical activity is clearly of interest to practitioners keen to find ways of encouraging adherence to medication. Can the authors comment on whether their research question reflects the interests of the patients they involved in the intervention design?
No information is given about the range of BP medicines being taken by the patient sample or whether similar associations would be expected from different drugs. I do not know whether 'same-day associations' (page 17) between medication adherence and the independent variables are plausible or to be expected. I am not in a position to comment on the statistical analysis or modelling (for which no reference is given), but as far as I can tell no lag time was allowed for. It would seem to suggest that there are no cumulative effects of taking BP medication (or physical exercise) over a period of time, and perhaps this could be clarified. The authors are careful to use the word 'association' rather than 'effect' but presumably there is an assumption of causality being made, otherwise the results might not be of interest.
The data analysed in this paper all consist of self-reports. Was there any validation of these reports? While the home BP monitors themselves were validated, was there any validation of the selfreported BP data in the primary study? Patients were asked to answer the self-report items first and then to measure their BP (page 8), presumably to avoid contamination. Do the authors know, from their digital database, if patients obeyed this instruction or not? The authors comment that the patient sample reported 'unusually good medication adherence during the study' (page 16). This could reflect the behaviour of an atypical well educated convenience sample, or it could be due to the Hawthorne effect or to deliberate over reporting of adherence. Do the authors know that their results are not due to an artefact of self-reporting?
The study protocol required participants to record data every evening for 8 weeks, which is a burdensome requirement. What was the extent of missing data? In the section on data analysis on page 10 the authors state that 'Individuals with partial missing data but with at least one observation for each of the independent variables were included'. What difference might this make to the results? I found the presentation of results on page 12 confusing, but possibly I am not reading table 2 correctly. The polarity of the estimates do not seem to tally with the text. The authors say that SBP increased 1.09 mmHg with increasing levels of stress (estimate +1.09), 1.51 mmHg with decreasing levels of wellbeing (estimate +1.51) and 0.70 mmHg with decreasing levels of physical activity (estimate -0.70). There is a similar mismatch with the text about medication intake. The estimate of 7.44 mmHg on page 14 for the association between failure to take medications and SBP does not tally with the figure of 3.72 in table 2. There seem to be further results presented in the discussion on page 15 which differ from those given in table 2. In general, it is better to present data in the results section rather than the discussion. I find the figures 1a-d and 2a-d hard to interpret but possibly if I had more time to read them, they might make sense to me.
It would be helpful if the authors could comment on the clinical significance of these associations. Does their data provide any guidance about how often people with hypertension should measure their own blood pressure in everyday life?
Overall, I think that the rationale for the study is good, aiming to enable people to monitor their own medicine taking and its associations with other patient-chosen and patient-reported variables. I applaud the authors' close working with patients in the development of the intervention, and the focus on support for selfmanagement. I hope that clarification of the points I have raised will help to improve the paper.
VERSION 1 -AUTHOR RESPONSE

Reviewer 1 Evaluation
Reviewer's comments Actions taken / authors comments 1. Distribution of responses overall; i.e. x% of days with some med adherence, y% with none: important to understand whether models were influenced by rare events.
Thank you for all your very valuable comments. As we reported as a concern in the limitations section, self-reported adherence was very high, where only 11 patients reported any non adherence (7 instances of partial intake and 15 of no intake). A sentence clarifying this has been added to p18, §2. Figures 1a-d and 2a-c showing the distribution of reported adherence levels in relation to SBP and DBP provide an indication of the relative scarcity of nonadherence; however, the actual numbers of observations per level are not shown. We agree that this information is important for interpreting our results and have therefore added n to the figure texts and added a further admonishment in discussing this result: However, caution should be observed in interpreting our results given that few instances of partial or nonadherence were reported over the course of the 8-week study period (p. 16, §2). The figure below shows the distribution of reported adherence by patient over study days (white=non adherence; beige=partial; orange=adherence; gray=missing).
2. Correlation matrix between predictors and outcomes: important to understand how each variable relates to another. I suspect that there is a lot of collinearity, thus interaction between variables.
We agree that a correlation matrix would be informative under many circumstances; however, in repeated measures designs as ours, correlations are, we hope you'll agree, problematic. Common methods for computing correlations, such as the Spearman, Pearson and Kendell methods, are considered inappropriate for repeated measures because they assume independence of error between observations. Although these methods are widely used for analysing non-independent data, violating the assumption of independence has been shown to produce misleading results (e.g.,
1
). Furthermore, due to the fact that sample size is equated with number of observations rather than subjects, the degrees of freedom are erroneously increased, leading potentially to Type I error. A frequently used strategy to avoid the non-independence problem is to simply average the within-individual observations and compute correlations on these means; however, this aggregation obviously ignores intra-individual variation and may mean that true associations are obscured (e.g.,
2
). Bland and Altman 2 provide an alternative method for calculating correlations with repetitiveness; however, although this method assesses the common intraindividual variance in data, multilevel modeling has the advantage of simultaneously analyzing different sources of variance using fixed and random effects. Considering the length (55 days, excluding day1) and intensity (daily) of follow-up, missing was surprisingly low. Of a potential 2750 observations per variable from the 50 participants there was an average of 2475 obs (range=2473-2478), or about 10% missing data. Inspection of plots of missing suggested that missing appeared to be fairly randomly distributed within and across participants. Given the low frequency and apparent randomness of missing data we did not take missing into account in the models. Please see the above plot of the distribution of missing.
Reviewer's comments Actions taken / authors comments
A reference to the primary study is not given.
Thank you for all your very valuable comments. Added: in abstract on p3, §2, "The study is a secondary analysis of a prospective …"
References 29 -33 on p 6, §2 are from the primary study, to clarify we have added to this paragraph: "This study is part of a research program …"
The authors state that patients with hypertension were involved in all stages of the design, development and evaluation of the intervention, using interviews and focus group discussions and a process of iterative development. This commendable process was intended to ensure the acceptability and value of the intervention to its end users. Despite this involvement of patients in the intervention design, it is not clear that patients were involved in this paper, or if the research question was generated by professionals or patients.
Added p 8, §1: The research question for this study was generated from patient interviews (33) and its merits were confirmed in interviews with professionals. Patients were not involved in drafting this paper.
The question being addressed, about See above the relationships between self-reported blood pressure (BP) and self-reports of medication intake, wellbeing, stress and physical activity is clearly of interest to practitioners keen to find ways of encouraging adherence to medication. Can the authors comment on whether their research question reflects the interests of the patients they involved in the intervention design?
As we discuss, our research has implications for patients in self-managing their BP by giving them a tool to monitor how medication, lifestyle, symptoms physical activity, etc are related to their BP. This was one of the principal requests that patients mentioned to improve their self-management in our initial interviews, and follow-up patient interviews indicated that the tool is in fact beneficial by enabling patients to understand their condition and factors associated with it. The system was also seen to empower patients by providing them with patient-generated data (not only about their BP but also about aspects of their life related to their BP) which they found useful in consultations with doctors and nurses.
No information is given about the range of BP medicines being taken by the patient sample or whether similar associations would be expected from different drugs.
Information on medication has been added to Table 1 . As may be seen there a wide range of drugs were prescribed and most patients were on more than one drug. Our sample size prohibited any meaningful analysis by drug type and we do not feel that we can speculate if our associations would differ with other types of drugs. We will of course add this information to our study limitations if requested, but we feel that main limitations to the generalizability of our study are already adequately addressed.
I do not know whether 'sameday associations' (page 17) between medication adherence and the independent variables are plausible or to be expected.
Participants were requested to complete their assessments in the evenings, when the impacts of, for example, physical activity, stress, medication intake, etc. during the day would likely be appreciable in relation to BP. The longer term benefits of physical activity, stress avoidance and adherence are well known; however, little is known regarding how immediate their impacts are. It seems reasonable to assume that the major effects are cumulative, nonetheless it does not seem justified to concede that there are no smaller yet still appreciable relationships along the way. We believe that our study, despite its admittedly many limitations, suggests that there are in fact relatively immediate relationships between BP and lifestyle, behavioral and other factors and that by tracking these and studying their interplay hypertensives may be better equipped to self-manage their condition.
I am not in a position to comment on the statistical analysis or modelling (for which no reference is given), but as far as I can tell no lag time was allowed for. It would seem to
In an earlier study we examined the cumulative effects of using the mobile phone system on BP levels. We have added on p16, §2: We also have analyzed the effects of using the mobile phone system over eight-weeks and sound suggest that there are no cumulative effects of taking BP medication (or physical exercise) over a period of time, and perhaps this could be clarified.
significant decreases in SBP (-7 mmHg) and DBP (-4.9 mmHg) (29).
The following reference to the statistical method may be added if necessary: Raudenbush, S. W., and Bryk, A., S. (2002). Hierarchical Linear Models: Applications and data analysis methods, 2nd Ed. Sage.
The authors are careful to use the word 'association' rather than 'effect' but presumably there is an assumption of causality being made, otherwise the results might not be of interest.
Naturally we had some assumptions about causality, particularly regarding the effects of medication intake on BP; however, we feel that the direction is less clear in relation to other variables, e.g., does BP increase because of stress or may stress increase owing to increased BP; are patients more likely to be physically active when their BP is lower or does physical activity lower their BP? Irrespective of the direction, we believe that by enabling patients to explore these relationships they may gain insights into interplays between variations in their BP and pertinent behavioral and experiential factors, and thereby serve to help patients develop a better understanding of their condition and its complexity as well as potentially reinforce behaviors beneficial to controlling their BP.
The data analysed in this paper all consist of self-reports. Was there any validation of these reports? Added page 9, §1: The actual order in which these two tasks were performed could not be determined from the database, although in the report interface the items were provided first, after which space for BP registration was given. In subsequent interviews participants confirmed that they followed the instructed order (33).
The authors comment that the patient sample reported 'unusually good medication adherence during the study' (page 16). This could reflect the behaviour of an atypical Adherence is of course notoriously difficult to verify and aside from evidence corroborating prescription fill from the Swedish National Prescription Repository, we cannot discount that some form of bias affected our results. We have added a sentence to this effect in our limitations section on p18, §2: "We cannot preclude well educated convenience sample, or it could be due to the Hawthorne effect or to deliberate over reporting of adherence. Do the authors know that their results are not due to an artefact of self-reporting?
that our high adherence rates may owe to sampling, reactivity or social desirability bias."
The study protocol required participants to record data every evening for 8 weeks, which is a burdensome requirement. What was the extent of missing data? In the section on data analysis on page 10 the authors state that 'Individuals with partial missing data but with at least one observation for each of the independent variables were included'. What difference might this make to the results?
We agree that the task was seemingly formidable; however, the participants were quite motivated (only 1 of the original group of 51 dropped out during the study period) and the task itself took only a few minutes to complete each evening.
Relatively little missing data were found. Of the potential 2750 observations per variable (50 patients*55 days) the average number of observations was 2475 (range=2473-2478), or about 10% missing. Based on examination of plots of missing data, missing appeared to be randomly distributed. We therefore feel that missing had no prominent effect on our results.
I found the presentation of results on page 12 confusing, but possibly I am not reading table 2 correctly. The polarity of the estimates do not seem to tally with the text. The authors say that SBP increased 1.09 mmHg with increasing levels of stress (estimate +1.09), 1.51 mmHg with decreasing levels of wellbeing (estimate +1.51) and 0.70 mmHg with decreasing levels of physical activity (estimate -0.70).
There is a similar mismatch with the text about medication intake. The estimate of 7.44 mmHg on page 14 for the association between failure to take medications and SBP does not tally with the figure of 3.72 in table 2. There seem to be further results presented in the discussion on page 15 which differ from those given in table 2. In general, it is better to present data in the results section rather than the discussion. I find the figures 1a-d and 2a-d hard to interpret but possibly if I had more time to read them, they might make sense to me.
Thank you for pointing this out and we apologize for this confusion. Part of the problem re polarity is due to a typo -there should be a minus sign before the wellbeing estimates in the table. This is now corrected. Otherwise, the apparent inconsistency re medication intake, wellbeing and physical activity is due to the direction of the response scales, where, as described in the methods section, medication intake (Have you taken your medication today?) was rated on a threestep scale with options yes (0), some of it (1) and no (2), whereas physical activity is positive (low-high). We neglected to point out that the wellbeing scale is the reversed (poor-good). We have added this information to p10, §1 and to the figure legends. In the text the minus signs of the estimates are not shown since we describe the results in terms of decreasing wellbeing and physical activity.
In the results section we report "better adherence was associated with a 3.72 mmHg decrease in SBP per reported adherence level." The estimate of 7.44 mmHg in the discussion reflects the cumulative estimate corresponding to not taking medication. We hope that you will agree that this is not a new result but rather an interpretation of results presented earlier in the paper.
VERSION 2 -REVIEW REVIEWER
B Suffoletto University of PIttbsurgh
REVIEW RETURNED
18-Mar-2018
GENERAL COMMENTS
I still have no idea from the author's description about what specifically was asked for most of the daily assessments. This has implications for interpreting the study results. I recommend the authors include the EXACT questions used. Depending on what exactly was asked, I would have further questions about temporality of relationships. For example, if the question was "How many minutes of strenuous physical activity did you perform today prior to checking your BP?" then I would be more confident about results and interpretation. Abstract: Authors state: "Wellbeing and stress were consistently associated with SBP and DBP, whereas physical activity was associated with only SBP." Better to write directionality. i.e." More physical activity was associated…" Page 6, Line 5: "addiction" seems out of place here. Probably a translation error. The figures attempt to illustrate the distributions of BP levels in relation to the various levels of the selfreported variables together with the slopes and intercepts from our analyses. We feel that they provide important information essential for interpreting our results, regarding both the distribution of ratings along the scales and the distribution of BP levels within each scale step. For example, the figure showing medication intake clearly shows, as noted in the discussion, that few incidences of nonadherence were reported and that when reported, BP levels were high while at the same time depicting variability around the slope.
It would be helpful if the authors could comment on the clinical significance of these associations.
Does their data provide any guidance about how often people with hypertension should measure their own blood pressure in everyday life?
We have reformulated our conclusions on p18 which we hope now better explains the clinical importance of our findings.
Although this paper gives no guidance about how often people should measure their BP, in an earlier paper we showed that the BP lowering effects of using the system levelled off after about 2 weeks.
This does not make sense. Page 9, Lines 3-10: Authors should describe specifically when prompts for reports were sent. Also, all electronic data is timestamped and thus when reports were provided should be available. Page 9, Lines 40-50: Physical activity was rated from "bad" to "good"? This does not make sense. Results: As per prior round of reviews, please provide a table of correlation matrices between all independent and dependent variables. Page 13: Authors refer to "adherence level" but it is coded as yes/no. What level do they refer to? Results: I appreciate authors including the figure in Responses showing pattern of missing daily reports. It appears as if majority of missiness was indeed clustered in a few participants. Authors should report what patient factors were associated with higher levels of missingness.
Also, it appears that there are less than 10 events/>2000 where someone did not take their medicine. This could result in spurious conclusions about the veracity of association between taking meds and BP. Authors should state explicitly in Results how many times someone reported not taking meds.
REVIEWER
Nicky Britten University of Exeter Medical School, UK REVIEW RETURNED
22-Mar-2018
GENERAL COMMENTS
I am satisfied that my comments on the previous version of this paper have been adequately addressed with a couple of small exceptions. On page 16 it would be helpful to state explicitly how much missing data there was (it seems to be 10% according to the authors' response). Secondly I still have difficulty reconciling the numbers in the discussion on page 16 with the numbers in the tables. If the authors are reporting cumulative estimates not given in the tables, this should be explained. I hope that that someone else will be able to check these numbers as very possibly I have misunderstood something here. The coloured figures at the end don't help me very much but I am not the best person to judge their usefulness. There is a typo in table 2 -it should be 'physical' activity not 'phyical' activity.
VERSION 2 -AUTHOR RESPONSE Reviewer: 1
We sincerely thank the reviewer for valuable comments and suggestions.
1.) I still have no idea from the author's description about what specifically was asked for most of the daily assessments. This has implications for interpreting the study results. I recommend the authors include the EXACT questions used.
Sorry, we were unaware that this information had been requested in the first round and we naturally would have provided it if we'd understood that it had been asked for. Nonetheless, we agree that this information is important and have previously reported the questions in an earlier paper (Bengtsson U. Blood Press. 2014 Oct;23(5):296-306) that is referenced in this paper. We have now included the questions in a supplementary table. NB: the questions were abbreviated to fit size limitations on small pre-smartphone screens. For example, the question "Have you taken your antihypertensive medication(s) as prescribed today?" was shortened to "Taken your medicine today?" The full questions along with response scales were presented and explained in initial meetings with the participants and provided for referral in participants' instruction booklets. We think we agree here if by "temporality" the reviewer means the order in which BP was measured vis-à-vis self-reports. In this case the supplementary table will probably help here. The timeframe for all questions was "today" (except "sleep", which was "last night") and the questions were phrased (mostly in the present perfect) such as to refer to activities, symptoms or experiences that had occurred during the day prior to BP measurements. The reporting system was open in the evenings between 5 pm and 11 pm and reminders were sent at 7 pm. So, if the reviewer means that the participants might have inadvertently reported things they planned to do or might experience during the evening subsequent to taking their BP, then we are reasonably certain that this was not the case. Given the timeframe "today" we are, however, unable to ascertain how closely the activities, etc. coincided with the actual BP measurements. As mentioned in the paper, follow-up interviews confirmed that the participants carefully followed reporting instructions (Hallberg I. Journal of Human Hypertension (2016) 30, 141-146) .
On the other hand, if by "temporality" the reviewer means the length of time that a particular activity was performed, as suggested by the example question ("How many minutes…?"), then we are a little confused -firstly because the response scales described in the paper clearly obviate this possibility and secondly because most questions could not be meaningfully quantified or framed in terms of time, e.g. wellbeing, stress, etc. We doubt that the reviewer intended this interpretation, but we want to cover all conceivable bases. Thanks. We've changed this as recommended.
4.) Page 6, Line 5: "addiction" seems out of place here. Probably a translation error.
In this paragraph we refer to common lay beliefs about problems/ worries associated with taking medicine, such as "side effects", problems of "tolerance" and fears of developing "addiction" to medicines. We have replaced "addiction" with "dependency" -we hope this is a more appropriate term. You're right, this needs some clarification. As pointed out in the abstract and methods section, this "study is a secondary analysis of a prospective study exploring the 8-week effectiveness of a mobile phone based self-management support system for patients with hypertension." Sample size was estimated for the original study and this is now clarified in the text.
6.) Page 7: Authors contradict themselves. Is it a convenience or consecutive sampling.
We aren't really sure that this is a contradiction. Our understanding is that consecutive sampling is a form of convenience sampling. However, we are naturally willing to change convenience to consecutive if this is a cause for misunderstanding.
7.) Page 8, lines 3-5: Patients were involved with evaluation? How so? This does not make sense.
We believe that within the context of the sentence it does make sense. We wrote: "Patients with hypertension were involved in all phases of the design, development and evaluation of the mobile-phone based self-management support system." And a few lines down we explain that "As previously reported (30-33), the system was… evaluated for content validity, reliability and usability in focus group interviews, cognitive interviews and piloting (32); examined regarding usability and usefulness in individual patient interviews (33) 8.) Page 9, Lines 3-10: Authors should describe specifically when prompts for reports were sent. Also, all electronic data is time-stamped and thus when reports were provided should be available.
Thanks for pointing this out. As mentioned in our response to comment #2 above, the reporting system was open in the evenings between 5 pm and 11 pm and reminders were sent at 7 pm. This information has been added on p.9. Perhaps we have misunderstood the reviewer regarding the second point. Naturally we have records of the exact times that participants registered their reports, but we are unsure what purpose would be served by presenting this very detailed information in the paper or how it could be reasonably presented for overviewthis would amount to a 50 (patient) X 55 (days) data matrix of timepoints between 5 pm and 11 pm.
9.) Page 9, Lines 40-50: Physical activity was rated from "bad" to "good"? This does not make sense.
We agree that it doesn't make sense, but then we in fact did not write that. The bad-good response scale was used for the wellbeing scale. We refer the reviewer to the sentence beginning on p.9, line 53 in the earlier revised version, "Patients rated items against five-step response scales with anchors not at all (0) -extremely (4) or very bad (0) -very well/good (4), except medication intake ("Have you taken your medication today?") which was rated on a three-step scale with options yes (0), some of it (1) and no (2) We respectfully disagree with the reviewer concerning the use and appropriateness of correlations in repeated measures designs. As we argued previously, correlations based on repeated measures data are fundamentally incorrect and potentially misleading because they violate assumptions of independence of error between observations. This view we believe is supported by most of the literature on repeated measures analysis (including a Statistics Note from BMJ we cited in round one). On the other hand, multilevel modeling is today widely recommended as an appropriate method for analyzing this type of data.
11.) Page 13: Authors refer to "adherence level" but it is coded as yes/no. What level do they refer to?
Respectfully, this appears to be a misreading of what we wrote. As we pointed out in comment #9 above, "Patients rated items against five-step response scales… except medication intake ("Have you taken your medication today?") which was rated on a three-step scale with options yes (0), some of it (1) and no (2)." The 3-step scale is also clearly shown in figure 1a and We agree and have already stated the number of reported cases of non or partial adherence and were careful to point out the implications for our results. As reported in the paper and shown in the figure accompanying the first round of comments there were only 22 instances of suboptimal adherence and these were spread over 11 individuals or roughly 2 times/ individual during the 50-day study period. We have added a sentence in the results section on p.13 explaining this.
Reviewer: 2
Thank you for your very valuable comments, we greatly appreciate them. We've now clarified that these are cumulative estimates.
3.) The coloured figures at the end don't help me very much but I am not the best person to judge their usefulness.
Our aim with the figures was to illustrate a number of things simultaneously: the distribution of ratings along the response scales, the distribution of BP levels within each scale step and the slopes and intercepts for each rating scale. We understand that the figures are somewhat difficult to interpret, but we feel that they may be useful in that they provide important and detailed overviews of relationships between BP and self-reports that would otherwise be difficult to summarize in text or tables. We naturally will omit the figures if requested.
